Babesia rossi infection has been reported to be associated with the high prevalence of pancreatitis in dogs. In this study, we retrospectively investigated whether pancreatitis occurs in B. gibsoni-infected dogs. The clinical manifestations, and hematological and serum biochemical examination results, including canine pancreatic-specific lipase (cPL), in 20 B. gibsoni-infected dogs were analyzed. The cPL concentration exceeded 400 µg/l in only 2 dogs, and they were suspected of having pancreatitis. Although the cPL concentration did not correlate with the degree of anemia or the level of parasitemia, it correlated with the band neutrophil count, platelet count, and blood urea nitrogen (BUN) level. Our study suggested that the prevalence of pancreatitis is lower among B. gibsoni-infected dogs than B. rossi-infected dogs.
of the level of parasitemia at the private animal hospital before treatment ( Table 1 ). The range of parasitemia was 0.04−5.01%, and the hematocrit values were 9-46%. The criterion of SIRS for dog was reported previously [4] . In the present study, the heart rate and respiratory rate of many dogs were not recorded. Although we could not determine dogs with SIRS, at least seven dogs (dog 2, 4, 5, 6, 10, 11 and 12) were suspected as SIRS. No dogs presented the clinical signs of pancreatitis, such as vomiting and abdominal tenderness, at the first examination. After the stored sera were transported on ice to Iwate University, the lipase activity (reference range: 13-200 U/l) was measured using an autoanalyzer (IDEXX VetTest Chemistry Analyzer, IDEXX Laboratories, Inc., Westbrook, ME, U.S.A.). Spec cPL was measured by a commercial laboratory (IDEXX Laboratories, Tokyo, Japan). The reference interval was set at <200 µg/l and concentrations >400 µg/l were considered to indicate pancreatitis [10] . Moreover, the identification of species of Babesia parasites was performed using PCR. Genomic DNA was extracted from dog serum using NucleoSpin ® Blood (Macherey-Nagel GmbH & Co, KG, Düren, Germany). Since serum of dog 1 and 9 were not enough for the DNA extraction, DNA were extracted from 18 dog serum. The primers used for the amplification of 18S rRNA of B. gibsoni were described previously [14] . Genomic DNA in reaction mixture were prepared according to the manufacture's protocol (Platinum TM Taq DNA polymerase, Thermo Fisher Scientific K. K., Tokyo, Japan), and then, it was amplified for 35 cycles (denaturation for 30 sec at 94°C, annealing for 30 sec at 55°C and extension for 30 sec at 72°C) followed by the final extension for 5 min at 72°C in a T100 TM Thermal Cycler (BIO-RAD Laboratories, Inc., CA, U.S.A.). As a result, the fragments of 18S rRNA of B. gibsoni were detected from 18 dogs tested, suggesting that those 18 dogs were infected with B. gibsoni (Fig. 1 ). According to the previous studies, B. vogeli which is mainly detected in Okinawa Prefecture in Southern Japan was not identified in Yamaguchi Prefecture [5, 8] . It was considered that dog 1 and 9 were also infected with B. gibsoni. Data were analyzed using a commercial statistical software package (StatView5, SAS institute Inc., Cary, NC, U.S.A.). The correlation of lipase activity, cPL concentration, degree of anemia, the level of parasitemia, and the results of clinical pathological parameters were evaluated using Pearson product-moment correlation and the test of no correlation (r≥0.7 was strong correlation, 0.4≤ r<0.7 was moderate correlation, 0.2≤ r<0.4 was weak correlation, and r<0.2 was no correlation). A P-value of ≤0.05 was considered significant.
To investigate the prevalence of pancreatitis, the lipase activity and the Spec cPL concentration were examined. As shown in Fig. 2 , all dogs had lipase activity greater than 200 U/l. The range of the Spec cPL concentration for all tested dogs was 44-655 µg/l (Fig. 3 ). Although one dog (dog 4) with high lipase activity had a low cPL concentration, the cPL concentrations were strongly positively correlated with the lipase activity (r=0.73; P=0.0002) (Fig. 4 ). Two of 20 dogs (dog 12 and 14) had a cPL concentration above 400 µg/l and they were suspected of having pancreatitis based on the reference range of Spec cPL. In our study, the prevalence of pancreatitis among B. gibsoni-infected dogs was 10% (2/20). Although dog 12 was suspected as SIRS, dog 14 was not suspected as SIRS. The CBC and serum biochemical parameter measurements of all dogs are shown in Table 1 . In 2 dogs (dog 12 and 14), the concentrations of CRP and alkaline phosphatase (ALP), which are supportive parameters for pancreatitis, were higher than the normal ranges. In the field of medicine, hypotension, ischemia, and circulation insufficiency are known causes of acute pancreatitis [1] . Therefore, we suspected that anemia induced pancreatitis in the B. gibsoni-infected dogs. However, the degree of anemia and the level of parasitemia in the two dogs were moderate among the 20 dogs ( Table 1) . Therefore, the degree of anemia and the level of parasitemia may not be related to the pathogenesis of pancreatitis. Additionally, dogs with hyperadrenocorticism or glucocorticoid administration were reported to have a high cPL concentration [1, 9] . Thus, the increased cPL concentration in the two dogs was due to other causes.
We next analyzed the correlation between the cPL concentration and the level of parasitemia, the degree of anemia (erythrocyte count, and hemoglobin [Hb] and hematocrit [Ht] levels), and leukocyte and platelet counts in all tested dogs (Figs. 5 and 6). Consistent with the above supposition, the cPL concentration was not correlated with the level of parasitemia (r=0.086; P=0.72), erythrocyte count (r=0.10; P=0.66), Hb level (r=0.12; P=0.61), or Ht level (r=0.13; P=0.58) (Fig. 5) [7] . Similarly, the lipase activity was not correlated with the level of parasitemia or the degree of anemia (data not shown). These results suggested that B. gibsoni does not directly damage the pancreas and that the severity of anemia in B. gibsoni infection is not related to the pancreatitis. On the other hand, the cPL concentration was moderately positively correlated with the band neutrophil count (r=0.48; P=0.031) (Fig. 6D ) and platelet count (r=0.46; P=0.040) (Fig. 6B ). However, it was not correlated with the leukocyte count (r=0.34; P=0.15), segmented neutrophil count (r=0.37; P=0.10), lymphocyte count (r=0.02; P=0.93), or eosinophil count (r=0.40; P=0.08) (Fig. 6A, 6C, 6E and 6F ). The cPL concentration in B. rossi-infected dogs was significantly positively correlated with the immature neutrophil count [7] . This previous finding is consistent with the result of this study. The inflammation with pancreatitis may be related to the increase in the band neutrophil and platelet counts.
In addition, we examined the correlation between the cPL concentration and the other biochemical parameters. In the present study, the values of ALT (dog 16), ALP (dog 10) and CRP (dog 1, 2, 5, 6, 11, 13, 14, 15, 17, 19 and 20) were greater than the measurement limit. Therefore, the values of measurement limit were used for the analysis. As a result, the blood urea nitrogen (BUN) level was moderately positively correlated (r=0.52; P=0.019) with the cPL concentration (Fig. 7A) , whereas CRP (r=0.18; P=0.46), ALT (r=0.15; P=0.53), ALP (r=0.14; P=0.55), total bilirubin (r=0.17; P=0.47), and creatinine (r=0.15; P=0.52) levels were not correlated ( Fig. 7B-F) . Additionally, the cPL concentrations of dogs having high concentration of CRP were less than 200 (µg/l) except for dog 14. Moreover, the BUN level was moderately positively correlated (r=0.48; P=0.033) with the lipase activity. The BUN level was previously reported to be a prognosis factor for pancreatitis [13] . The BUN levels of the 2 dogs suspected of having pancreatitis in this study (dog 12 and 14) were higher than the normal range ( Table 1 ). Accordingly, it is possible that the BUN level is related to the severity of pancreatitis in canine B. gibsoni infection, although the reason remains unknown.
In conclusion, the prevalence of pancreatitis may be low among B. gibsoni-infected dogs. In previous reports, the prevalence of pancreatitis among B. rossi-infected dogs was greater than 28% [7] . The prevalence of pancreatitis among B. gibsoni-infected dogs in this study (10%) was less than that among B. rossi-infected dogs. In B. rossi infection, the different clinical signs are considered to be the result of tissue hypoxia following anemia and concomitant SIRS caused by marked cytokine release [7] . As anemia is also main symptom in B. gibsoni infection, there should be some difference between B. gibsoni infection and B. rossi infection in dogs. Therefore, further studies using more samples from B. gibsoni-infected dogs with severe anemia are necessary to elucidate the relationship between B. gibsoni infection in dogs and pancreatitis. 
